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AMnet 

A  Study  was  conducted  to  experlmetitally  evaluorie  the  maximum  acceptable 
pre-exiractlon  analytical  holding  times  (MHTs)  for  telryl  In  soil.  Three  soils 
fortMed  wlfo  teliyl  of  the  low  microgianHMr-giam  level  were  used  in  the  study. 
Subeamples  of  each  soil  were  extracted  with  acetonltille  in  an  uiiiosonlc  both 
otter  being  held  for  0, 1,3and7daysatetlherraomtamperalitfB(22°C),under 
reWgeratton  (2°C)  or  frozen  (-15*^).  Extracts  were  owlyzed  by  RP-HPLC. 
Teftyl  ooncerdralions  In  soHs  stored  of  room  temperature  and  under  refrigeration 
declined  rapidly  over  the  7-day  study  period  and  several  transformation 
producfoaocumutated.AltBr7da^  of  storage  of  2%,  teltyl  concentrations  vvsre 
reduced  by  46, 97  and  99%  In  the  three  soils  studied.  When  the  soils  were 
trazea  there  were  no  stollslioallysignirioantanalyla  tosses  over  the  7-day  study 
period  (95%  oonlldenoe  leveO  .  On  tie  basis  of  the  results  of  twse  experiments, 
the  recommended  MHTfor  soils  containing  teltyl  Is  7  days  If  kept  frozen.  Longer 
hokfing  times  may  be  possible,  buttheywere  not  investigated  here.  Refrigeralton 
Is  hodecraateto  prevent slgnMoanttransformolion  of  tsliyt  In  soli  samples  being 
held  for  ancriysis.  A  question  regarding  the  ability  to  use  cnaiyle-fortiiled  soil  to 
mimic  flekt-conlaminatad  soils  In  holding  time  studies  is  raised. 


For  conversion  of  SI  metric  units  to  U.S7BrMsh  customcNy  units  of  measurement 
consult  ASmiStandardESaa^  Slmforanncffwforf^ 

^sfoni  of  fMftt  published  by  the  Amertoan  SocMy  for  Teeing  and  Matertois, 
1916  Race  St.,  Philadelphia,  Pa.  19103. 
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Evaluation  of  Pre^extnction  Analytical 
Holding  Hmes  for  Teti^^  in  Soil 

THOMAS  F.  JENKINS 


INTRODUCTION 

A  serious  enviranmental  problem  fodng  ttte  U5. 
miBtaiy  is  ttie  presence  of  soil  contaminated  widi 
residues  of  munitions  compounds  at  a  large  number 
(rf  its  installations.  One  of  the  most  common  prob¬ 
lems  comes  from  die  manufacture,  use,  storage  and 
demilitarization  of  hi^  explosives.  These  residues 
are  (dten  coo^posed  (A  nitroaromatics  and  nitra- 
mines,  along  witti  their  manuhKturing  impurities 
and  environmental  transformatian  products  (V^h]sh 
etaL1993).SinoemanyofttieseccHnpoundsarerda- 
thrdy  stable  in  die  environment  and  quite  mobile  in 
die  soil,  diey  have  become  sources  of  groundwater 
pollution  at  military  facilities  (Pu^  1962,  %)aulding 
and  Fulton  1968). 

Tetryl(2A>6-binitKqdien^nitcamine)canbeclas- 
sided  as  eidier  a  nitroaromatic  or  a  nitramine.  It  was 
used  by  die  US  Army  as  early  as  1904  as  a  booster 
in  a  number  of  munitions  fcamulations  (Kayser  et  aL 
1964).  While  the  use  of  tetr^  was  discontinued  in 
1979,  residues  of  tetryl  have  been  identified  at  a 
number  ci  military  facilities  in  die  United  States 
(Kieim  et  aL  1961,  Batzer  et  aL  1962,  WSdsh  et  aL 
1993). 

Laboratory  mediods  have  been  devdoped  to 
characterize  sites  potential^  contaminated  widi 
nitroaromatic  and  nitramineeiqrlosives.  Because  ex- 
fdosives  residues  in  ooritairiitiated  soils  were  known 
to  be  copyosed  of  a  variety  of  <hemkal»  often  oo- 
cunkig  together;  and  mai^  of  diese  chemkals  are 
known  to  be  dietmalty  labile,  most  mediods  are 
based  on  IBgb'Fecfoananoe  Lkpiid  Chromatogra¬ 
phy  (HPLQ  (AOAC  1990,  ASn^  1991,  EPA 1992). 
While  almost  all  the  tyfcifications  in  these  mediods 
were  based  on  erqierimertal  results  (Jenkins  et  al 
1909,  Bauer  etaL  1990),  the  Maximum  pre-extraction 
Holding  Hme  QtlHl)  of  7  dqu  for  soil  and  water 
samples  in  SW0i6  Mediod  8330  (EPA  199Q  waa;  to 


our  knowledge,  based  on  best  judgmad  and  consis¬ 
tency  widi  other  mediods  for  sennivolatile  organics. 
According  to  die  ASTM  (1966),  MHT  is  defined  as 
die  "nuodmum  period  of  time  during  whidi  a  prop¬ 
el  preserved  sairqile  can  be  stored  before  su^ 
degradation  of  the  constituent  of  interest  occurs  or 
change  in  sample  matrix  occurs  diat  die  ^stematk 
error  exceeds  die  99%  confidence  interval  (not  to  ex¬ 
ceed  15%)  of  the  test  about  die  mean  concentration 
found  at  zero  time."  Heading  time  studies  are  often 
configured  to  experimentally  assess  stability,  usu- 
alty  u«ng  anatyte-fortified  samples. 

Recentty,  Maskarinec  et  aL  (1991)  estimated 
maximum  pre«xtraction  holding  times  for  several 
nitroaromatics  and  nitramines  in  soil  and  water 
samples.  Smilar  studies  were  reported  by  Grant  et 
aL  (1993ah)  using  a  sUgbdy  different  erqrerimental 
protoccd.  Neidier  of  d^  studies  included  tetryl, 
even  diougb  it  is  a  target  analyte  of  SW846  Mediod 
8330,  probaUy  because  it  has  been  less  fiequendy 
found  in  sarrqples  fiom  military  sites  coriqiared  wifo 
other  hi^  erqilosives  such  as  TNT  (2A6-tiinttro- 
tduene)  and  RDX  (hexahydro-l^/S-trinitro-l^/S- 
triazine)  (Walsh  etaL  1993).  hi  additi^prdimiriary 
erqreriments  indicated  diat  environmental  transfor¬ 
mation  products  of  tetryl  eluted  at  similar  retention 
times  and  thus  interfaed  widi  determination  of 
odier  nitroaromatics  and  their  transformation  prodr 
ucts.  Thus,  tmlike  some  of  the  odier  anatytes  of  in- 
terest  in  Medwd  8330,  ^tkh  could  be  studied  to- 
gedie^  tetryl  had  to  be  evahialed  sqMtaldy. 

While  die  fide  of  tetr^  under  environmental  con- 
ditions  is  not  oomplel^  understood,  it  is  known 
dial  tetryl  is  sidiject  to  hydtotysia,  photodegradation 
and  biotransfoonation.  Kayser  et  aL  (1964)  found 
diMtetrylphotolyaeiimderarrdiientli^itingooiidi- 
tions  at  least  an  order  of  magnihKif  Ureter  dian  it  hy- 
diofyaes.  The  major  phototranafomiatton  product 
detected  was  N-mediy^pkiamide  (N-medtyl-2A,6- 


trinitroaniUne).  Ihe  products  detected  fnxn  hy- 
drcdysis  in  die  daric  were  pH  dependent  Unda 
acidic  conditions,  ttw  nu^r  organic  hydrolysis 
products  detected  woe  pkak  add  (24,^trinitro- 
{dienol)  and  N-methypicramkle.  Under  basic  condi- 
tiora,  dre  rate  of  reaction  was  faster  and  dve  nuqor 
transformation  products  were  medrylnitramme  and 
piciateion. 

Recently,  Harvey  et  aL  (1992)  studied  die  bio- 
transformation  of  tetryl  in  s^  Hiey  ccmduded  diat 
die  transformation  in  s(^  was  extremely  rapid  and 
that  die  primary  transformation  product  was  N- 
mediy^icramide.  Unfortunately,  diey  chose  to  ex¬ 
tract  tetryl  and  its  transhnniation  products  from  soil 
using  Soxhlet  extraction  prior  to  RP-HPLC  anafysis. 
Subsequent  researdi  has  indicated  that  tetryl  is  not 
stable  to  this  procedure  (Jdildns  and  Walsh  1994) 
and  dieir  condusums,  relative  to  die  instability  df 
tetryl  in  die  soil  and  die  transfrnmation  products 
produced,  are  suspect 


OBJECTIVE 

The  mi^  objective  of  diis  study  is  to  estimate 
die  MHT  for  tetryl  in  soil  Ihis  win  be  done  by  forti¬ 
fying  several  different  soils  using  an  aqueous  spik¬ 
ing  solution  and  measuring  die  conoentration  of 
tetryl  and  any  observable  transformation  products 
as  a  function  of  time. 


EXFERIMEN1AL 

nimwifhi 

AU  standards  and  test  srdutions  of  tetryl  were 
prepared  ftom  Standard  Analytical  Reference  Mate¬ 
rials  ^ARM)  obtained  from  die  U5.  Army  Envi¬ 
ronmental  Center  (USAEQ,  Aberdeen  Proving 
Ground,  Maryland.  Ihe  aqueous  solution  used  for 
soil  fortification  was  prepared  in  reagent  grade  wa¬ 
ter  obtained  from  a  KfiUi-Q  lype  I  Reagent  Grade 
Whter  System  (MUlipcne  Cotp.).  hfedianol  used  in 
die  preparation  of  HPLC  etumt  and  acetonitrile 
used  fur  s<^  extraction  were  HPLC  grade  from 
AUtech  and  Baker  respectively.  Eluent  was  prepared 
by  combining  equal  volumes  of  medianol  and  water 
a^  vacuum  filtering  through  a  nylon  membrane 
(0.45  pm)  to  degas  ar^  remove  particulate  matter. 

Tetryl  fortification  solution 

The  8(^  fortification  solution  was  prepared  using 
water.  The  SARM  for  tetryl  was  pla^  in  a  brown 
glass  jug,  reagent  grade  water  was  added,  and  the 


contents  were  stirred  at  room  temperature  for  a 
week.  The  solution  was  then  filtered  dirough  0.45- 
pm  nylon  membranes  into  a  clean  brown  glass  jug. 
No  solvents,  other  dian  water,  were  used  in  the 
preparation  of  diis  solution. 

The  concentration  of  tetryl  in  die  fortification  so¬ 
lution  was  determined  agaki^  standards  prepared 
in  acetonitrile  Qenkins  et  aL  1986,  SW846  Method 
8330)  and  diluted  1:1  with  reagent  grade  water  prior 
to  analysis.  The  concentration  of  tetryl  in  this  spik¬ 
ing  solution  was  determined  to  be  30.6  mg/L. 

Soils 

Blank  test  soils  were  obtained  locally  fixnn  Ver¬ 
mont  (Wndsor),  New  Hampshire  (Charlton)  and 
New  York  (Fort  Edwards).  These  soils  were  air 
dried,  ground  widi  a  mortar  and  pestle  and  passed 
dirough  a  30-mesh  sieve  (590  pm).  Srnne  j^yskal 
and  chemical  properties  of  diese  soils  are  presented 
in  Table  1.  Replicate  5.0  ±  0.1-g  subsampl^  of  each 
blank  soil  were  placed  in  in^vidual  20-mL  glass 
scintillation  vials. 


Table  1.  Physical  and  chemical  properties  of  teat  soils. 


Property 

Soil 

Fort  fitownfr 
dm/ 

Vimdaarmdfi 

loam 

OiarUonsilfy 

loam 

pH 

M 

62 

6.0 

Tocfttr 

05 

1.1 

15 

Cl«y(%) 

70 

30 

20 

CECfewq/lOOgr 

>150 

35 

75 

*TD(al  oignic  caibon. 
**Cation  exdiange  cqMdty. 


A  field-contaminated  scril  containing  tetr^  and 
scxne  of  its  transformation  products  was  obtained 
from  the  Nebraska  Qrdruuice  Plant  Mead,  N^ 
braska.  The  soQ  was  air  dried,  ground  widi  a  mortar 
and  pestle  and  mixed  dunou^y. 

Soil  wetting  and  analyte  spiking 

Prior  to  die  onset  of  die  eiqieriment,  previously 
air  dried  test  soils  were  rewetted.  Because  the  tex¬ 
ture  and  water  holding  capacity  of  die  vcirious  soils 
differed,  the  volume  of  water  added  to  each  soil  was 
varied  such  diat,  after  spike  additicxis  were  also 
made,  diere  was  no  evidence  of  free-standing  water. 
For  the  diree  initially  blank  soils,  020  mL  of  reagent 
grade  water  was  added  to  the  V^dsor  sandy  loam 
and  1.00  mL  was  added  to  the  Fort  Edwards  Clay 
and  Charlton  silty  loam.  After  water  addition,  all 
soils  were  allowed  to  stand  at  room  temperature  in 


2 


die  daik  for  3  days  to  allow  mioobiological  activity 
to  leesbfolish  ^laskarinec  et  aL  1991,  Grant  et  al 
1993a). 

The  three  initially  blank  soils  were  fortified  by 
carefully  adding  1.00  mL  of  aqueous  tetryl  spiking 
soluticm  to  each  test  vial.  Except  for  foe  soils  desig¬ 
nated  for  30-minute  expostue  and  those  to  be  stor^ 
fiozen,  foe  spiked  soils  were  immediately  placed  in 
the  dark  at  foe  appropriate  storage  temperature.  The 
30-minute  samples  and  foe  samples  to  be  frozen 
were  permitted  to  stand  for  30  minutes  at  room  tem¬ 
perature  in  foe  dark  after  fortification  to  allow  time 
for  tetryl  to  interact  with  foe  soils  prior  to  eifoer  ex¬ 
traction  or  freezing. 

Soil  holding  time  test  parameters 

A  summary  of  foe  test  parameters  used  for  foe 
soil  holding  time  study  is  presented  in  Table  2.  For 
foe  fortified  soils,  three  storage  omditions  were  ex¬ 
amined,  room  temperature  (22  ±  2°C),  refrigerator 
storage  (2  ±  2°C)  and  freezer  storage  (-15  ±  2°C),  all 
in  foe  dark.  Portions  stored  under  these  conditions 
were  extracted  after  1, 3  and  7  days  of  storage  and 
the  tetryl  concentration  determine.  Because  of  ex¬ 
pected  variability  amrmg  subsamples,  triplicate  por- 
ticms  were  analyzed  for  each  storage  temperature 
for  each  storage  time. 

Table  2.  Experimental  factors  for  soil  holding  time  study. 


Fort^ied  soits 


Factors  No.  of  leads 

Leads 

Analytes 

1 

Tebyl 

Soils 

3 

Fort  Edwards,  Charlton,  l^^ndsor 

Stonge  temp. 

3 

-15,2.22 

Stonge  time 

4 

30  min,  1  day,  3  days,  7  days 

Replicates 

3 

SoU  extraction  for  RP-HFLC  analysis 

For  extracticxi,  foe  vials  containing  the  soil  were 
allowed  to  warm  to  room  temperature  and  9.00  mL 
of  acetonitrile  was  added.  The  vials  were  vortex 
mixed  for  1  minute  and  placed  in  a  sonk  bath  for  18 
hours.  The  temperature  of  foe  bath  was  maintained 
at  less  foan  25°C  with  cooling  water.  The  vials  were 
foen  removed  fiom  the  bafo  and  allowed  to  stand 
imdisturbed  for  30  minutes.  A  10.00-mL  aliquot  of 
rupieous  CaQ2  (5  g/L)  was  then  added  and  ^  soil 
particles  were  idlowed  to  flocculate  for  30  minutes 
before  a  5-mL  aliquot  of  foe  supernatant  was  filtered 
throu^  a  05-pm  Millex  SR  filter 

This  extraction  procedure  was  based  on  foe 
mefood  developed  by  Jenkins  et  al.  (1989)  (SW846 


Ktefood  8330)  with  two  differences.  Hrst,  foe  soils 
were  not  air  dried  prior  to  extraction,  because  it  was 
judged  that  the  time  required  to  dry  the  soil  in  foe 
vials  at  room  temperature  could  result  in  analyte 
loss  and  confound  the  effect  of  foe  holding  time 
temperatures.  Second,  a  5-g  porticn  of  soil  was  used 
for  foe  fortified  samples,  instead  of  foe  usual  sample 
size  of  2  g,  to  conform  to  foe  test  protocol  used  ear¬ 
lier  for  TNT,  TNB,  2,4-DNT,  RDX  and  HMX  (Grant 
etal.  1993a). 

RP-HPLC  analysis 

All  soil  extracts  were  analyzed  by  Reversed- 
Phase  High  Performance  Liquid  Chromatogra¬ 
phy  (RP-HPLC)  on  a  modular  system  comp<»ed 
of  a  Spectra-Physics  Model  SP8800  ternary  HPLC 
pump,  a  Spectra-Physics  Spectra  100  UV  variable 
wavelengfo  detector  set  at  254  run  (cell  path  1  cm), 
a  Dynatech  Model  LC  241  auto  sampler  equipped 
with  a  Rheod}me  Model  7125  Sample  Loop  Injec¬ 
tor,  Hewlett  Packard  3393A  digital  integrator  and 
a  Linear  strip  chart  recorder. 

All  extracts  were  analyzed  on  a  25-cm  x  4.6-mm 
(5  pm)  LC-18  column  (Supelco)  eluted  with  1:1 
mefoanol-water  (v/v)  at  15  mL/min  (Jenkins  et  aL 
1989).  Samples  were  introduced  by  overfilling  a  100- 
pL  sampling  loop. 

Soil  extraction  for  GC-MS  arudysb 

A  ZO-g  portion  of  foe  field-contaminated  soil 
fitnn  the  N^raska  Ordnance  Works  was  extracted 
with  10.0  mL  of  acetonitrile  as  qiedfied  above 
(Jenkins  et  aL  1989).  A  ZO-mL  aliquot  of  the  extract 
was  filtered  forough  a  Millex-SR  filter  into  a  glass 
scintillation  vial  and  foe  acetonitrile  was  allowed  to 
evaporate  to  about  05  mLin  a  fume  hood.  A  ZO-pL 
aliquot  was  analyzed  by  GC-MS  as  described  be¬ 
low. 

GC-MS  analysis 

GC-MS  a^ysis  was  omducted  on  an  HP5992 
MSD  (mass  selective  detector).  The  sample  was  in¬ 
troduced  into  foe  MSD  forough  a  Hewlett-Packard 
5890  Series  2  gas  chromatograph  operated  in  foe 
splitless  mode.  An  HP-5  (cross-linl^  5%  phenyl 
methyl  silicone,  25-m  x  0.20-rrun  x  0.33-pm  film 
thickness)  colurrm  was  maintained  at  75°C  for  2 
minutes  and  foen  foe  oven  was  temperature  pro- 
grarruned  at  20°C/min  to  240°C  and  held  for  10 
minutes. 

Data  analysis 

The  mean  and  standard  deviatirm  for  each  set  of 
triplicate  measurements  were  calculated.  Using  foe 
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Figure  1.  RP-HPLC  ekromaiogramfor  extracts  oftetryl-fort^ied  Windsor  sandy  loam  soil. 


Figure!.  RP-HPlXldtroitiatogrmnsforerarwiscftetryl^ort^  Charlton  silty  loam  soil. 


Figure  3.  RP-HPLC  dtromatogramsfor  extracts  oftetryl-fortified  Fort  Edwards  day. 
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SCkninidB  valuBB  as  initial  oonoentratians^  we 
detoBBinedpcKMittiecoveries  far  eadi  period. 


RESULTS  AND  DISCUSSION 

Conoentiation  of  tetiyl  va. 
lefrigenitMT  holding  time 

OuDmatograins  firom  sevoal  of  ttte  soil  ex¬ 
tracts  far  various  holding  times  and  storage 
ten^poatures  are  presented  in  Bgure  1  for 
V>^ik1sc»  sandy  loam.  A  large  reduction  in  the 
concentration  of  tetryl  can  be  seen  after  rally  3 
days  at  room  temperature,  and  three  apparent 
transfonnation  products  (labeled  A,  B  and  Q 
are  also  evident  After  7  days  under  refrigera¬ 
tion,  ttie  tetryl  concentration  is  reduced  by 
about  46%  (l^le  3)  and  ttie  same  transforma¬ 
tion  products  are  seen. 

Chromatograms  for  the  extracts  of  the  Charl¬ 
ton  silty  loam  are  shown  in  Hgute  2.  Loss  of  tetryl  is 
mudi  faster  ttian  that  for  ttie  l^Sndsor  s<^  botti  at 
room  tenqierature  and  under  refrigeration.  The 
same  three  transformation  products  observed  in  the 
extracts  of  the  lA^ndsor  soil  are  again  evident  After 
7  days  under  refrigeration,  the  initial  concentration 
of  tetryl  is  reduced  by  97%. 

Hgure  3  presents  duomatograms  of  tiie  extracts 

Fort  Edwards  day.  Pfeaks  Isdieled  as  D,  E  and  F  are 
impurities  present  in  unfortified  Fort  Edwards  clay. 
The  rate  of  degradation  of  tetryl  in  tiiis  soil  is  even 

Ikblc  3.  Concentration  Oigfg)  of  tetryl  as  a  function  of 
holding  time  for  tiuce  test  soils. 


StongetemperttureCQ 


HoUb^time 

ideyt) 

22±2 

212 

-1512 

VHmbarSmifylom 

0 

5.48±0.74 

5.481074 

5.481074 

1 

3.16±ai3 

a9210.70 

5.0010.13 

3 

1.63±0.72 

4.15ia09 

4.4410.78 

7 

0.661042 

19411.01 

5.1010.87 

OmrUonSShfUmm 

0 

53i±0M 

558101M 

55810.04 

1 

030iaU 

18210.10 

4.0710.05 

3 

aOtlOJM 

a9iiaio 

4.4710.12 

7 

0.0410.00 

0.1710.02 

5.0010.16 

FortEdwtrisCliijf 

0 

44310.29 

4431019 

4.431019 

1 

0J)310.02 

0.1710.04 

3.7510.11 

3 

OM 

0.0610.01 

3.4310.05 

7 

0.00 

0.0410.01 

4.0510.06 

Figure  4.  Tetryl  ccmcentmtion  as  a  function  of  holding  time  for 
samples  stored  under  refrigeration. 


foster  ttian  ttiat  found  for  ttie  Charlton,  resulting  in 
over  99%  loss  of  tetryl  after  7  days  of  refrigeration. 
The  relative  amounts  of  ttie  various  transformation 
products  observed  for  this  soil  appear  to  be  different 
frran  ttiose  observed  for  ttie  Wiiulsor  and  Qiarltrai 
soils.  One  of  ttie  reasons  for  ttie  different  behavior  of 
ttiis  soil  is  its  pH,  which  is  8.4  compared  to  62  for 
V>findsor  and  6.0  for  Charlton  (Ikble  1).  As  discussed 
above,  Ka^er  et  aL  (1984)  observed  ttiat  hydrolysis 
products  were  different  at  addk  and  basic  pH  and 
that  hydrolysis  proceeds  mudh  frister  under  basic 
conditions.  Perhaps  the  very  rapid  loss  of  tetryl  for 
ttie  Fort  Edwards  clay  is  partially  attributable  to  hy¬ 
drolysis  rather  than  biodegradation.  The  lower  ini¬ 
tial  concentration  of  tetryl  for  this  soil,  relative  to 
l^^ndsor  and  Charlton,  may  be  a  reflection  of  rapid 
hydrolysis  during  ttie  3&mfoute  period  where  tetr^ 
was  allowed  to  interact  with  the  s<d  before  initial 
extraction. 

Plots  of  ttie  concentration  of  tetryl  for  the  three 
soils  vs.  refrigerator  holding  time  are  shown  in  Fig¬ 
ure  4.  dearly,  tetryl  is  not  stabilized  adequately  us¬ 
ing  refrigerator  storage  for  the  current  7-day  hold¬ 
ing  time. 

Effort  of  frceziiig 

Storage  by  freezing  improves  the  stability  of 
tetryl  substantial^.  Figure  5  shows  the  concentra¬ 
tion  of  tetryl  as  a  function  of  freezer  holding  time  for 
ttie  ttiree  srals  studied.  Linear  regression  analysis  of 
ttie  mean  tetryl  concentratirai  vs.  holding  time  for 
ttie  ttiree  srals  results  in  a  slope  of  -0.021  and  an  in¬ 
tercept  of 4.624.  The  slc^,  however^  was  not  statisti¬ 
cally  different  from  zero  at  the  95%  confidence  level. 
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experiments  indicate  that  their  results  probably 
were  an  artifact  of  the  Soxhlet  extraction  proce¬ 
dure  they  used  (Jenkins  and  Walsh  1994).  Identi- 
hcation  of  transformation  products  of  tetryl  by 
GC-MS  is  complicated  by  the  instability  of  the 
nitramine  nitio  group  to  GC-MS  analysis 
(Tamiri  and  Zitrin  1986).  For  tetryl  itself,  a  loss  of 
NO2,  apparently  caused  by  thermolysis  in  the 
injector,  results  in  the  formation  of  N-methy- 
Ipicramide  (Fig.  6).  Walsh  and  Jenkins  (1992) 
identified  three  compounds  when  acetonitrile 
extracts  of  tetryl-contaminated  soils  were  ana¬ 
lyzed  by  GC-MS:  N-methylpicramide,  4- 
amino-2,6HiirutrD-N-methyianiline  and  2,4,6- 
trinitroaniline  (Fig.  7).  A  rrrajor  portion  of  the  N- 
methylpicramide  foimd  was  probably  created 
by  degradation  of  tetryl  in  the  injection  port  of 
the  GC-MS.  Likewise,  4-amino-2,6-N-methyl- 
Figure  5.  Tetryl  concentration  as  a  function  cf  holding  time  for  aruline  could  have  resulted  from  loss  of  NQj 

samples  stored frozen  at  -15PC.  from  the  nitramine  NO^  portion  of  4-amino-N- 

methyl-N,2,6-trinitroaniline  in  the  injector  (Fig. 
indicating  tirat  there  was  no  statistically  significant  8).  Microbiological  reduction  of  tetryl  to  ^amino-N- 

loss  of  tetryl  for  fieezer  storage  at  -15°C  over  the  7-  methyl-N,2,6-trinitroaniline  is  consistent  with  tire 

day  study  period.  In  addition,  no  accumulations  of  production  of  2-arruno-2,6-dinitrotoluene  and  4- 

traaisfonnation  products  A,  B  or  C  were  observed  af-  amino-2,6-dinitrotoluene  horn  2,4,6-trinitrotoluene 

ter  7  days  of  frozen  storage.  Longer  storage  periods  (McCormick  et  aL  1976)  and  3,5-dirutroar\iline  from 

were  not  tested,  but  future  work  should  assess  the  1,3,5-trinitrobenzene  (Walsh  et  aL  1993).  A  standard 

possibility  of  longer-term  storage.  of  4-amino-N-methyl-N,2,6-trinitroaniline  was  not 

availidrle,  but  either  unknown  A  or  B  in  the  diro- 
Ibansfomution  producto  of  tetryl  matograms  shown  in  Hgures  1-3  may  be  ascribable 

Harv^etaL  (1992)  investigate  the  environmen-  to  this  compound.  On  the  basis  of  die  retention 

tal  bransfemation  of  tetryl  in  soils  and  concluded  times  of  the  transformation  products  of  TNB  and 

that  die  nu^r  microbiological  pathway  resulted  in  TNT  relative  to  the  unaltered  compoimds  (Walsh  et 

the  production  of  N-medrylpicramide.  Our  recent  al.  1993),  peak  B  is  most  likely  due  to  dus  compo¬ 

nent. 


Holding  Tima  at  - 15°  C  (days) 


NO*  NOa 

Tabyl  N-mathylpicramide 


Figure  6.  Hydrolysis  cf  tetryl  to  N-methylpicramide  during 
GC-MS  analysis  ((fter  Tamiri  and  Zitrin  1986). 


Peak  C  in  Figures  1-3  appears  to  be  caused  by  N- 
melhylpicramide.  This  peak,  along  with  peak  A, 
was  also  observed  by  RP-HPLC  in  die  extract  of  a 
tetryl-contaminated  soil  horn  Mead  Nebraska  (Fig. 
9).  Thus,  it  appears  that  N-med\ylpicramide  is  an 
environment^  transformation  product  of  tetryl  as 
reported  by  Harvey  et  aL  (1992);  however,  it  does 
not  appear  to  be  the  major  erne,  and  it  could  be  at- 
tributidile  to  hydrolysis  rather  than  microbiological 
degradation  (I^yser  et  aL  1984). 


NO2  NHs  N02 

N-mrthylpfciainkle  4-amino-2,6-<]inttro-N-methylaniline  2, 4, 6-trinitroaniline 


Figure  7.  Chemical  structures  for  amt- 
pounds  identfied  by  GC-MS  analysis 
of  extract  cf  field-contaminated  soil 
containing  tetiyl. 
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4-amjno-N^,6-trinRtoanUine 


NH, 

4-amino-2,6-dbittfO-N-rnettTy(an)lin6 


Figure  8.  Possibk  decomposition  reaction 
occurring  during  GC-t^  analysis  of  ex¬ 
tract  cffidd-contaminated  soil  containing 
tetryl. 


Figure  9.  RP-HPLC  chromatogram  of  extract  from  fdd-cordamnated  soil  con- 
taining  tetryl. 


CONCLUDING  REMARKS 

Results  feom  this  study  indicate  that  refrigeration 
is  inadequate  as  a  means  of  stabilizing  tebyl  in 
tebyl-fortified  soils.  After  rady  7  da)rs  of  storage  at 
2°C,  losses  of  tebyl  ranged  from  46-99%.  Losses 
were  reduced  or  eliminated  when  die  fortified  soils 
were  frozen  at  -IS^C.  Since  longer  holding  times 
were  not  tested,  a  MHT  of  7  days  is  recommended 
when  the  soil  is  maintained  frozen. 

Several  transformation  products  were  observed 
as  tetryl  concentrations  dedined.  IWo  of  these  are 
thought  to  be  4-amino-N-methyl-N,2,6-trinitroani- 
line  and  N-methylpicramide.  B^use  tetryl  is  sub¬ 
ject  to  hydrolysis  as  well  as  biobansformation,  the 
mechanisms  of  transformation  are  very  uncertain. 

The  above  study  was  conducted  using  tehyl-fbr- 


tified  soils.  This  assumes  tiiat  tebyl  tiiat  is  fortified 
into  a  soil  bdiaves  in  a  similar  maruKr  to  tetryl  tiiat 
has  been  in  contact  witii  soils  for  years  under  field 
cmditions.  Elsewhere,  Grant  et  aL  (1993a)  observed 
a  large  difierence  in  nitroaromatics' (TNT,  TNB  and 
2,4-DNT)  stability  between  fortified  and  field  con¬ 
taminated  soils.  Analysis  of  tetryl-contaminated 
soils  conducted  years  after  contamination  reveals 
large  concenbations  of  intact  tetryl  Whether  this  in¬ 
creased  stability,  relative  to  fortifi^  soils,  is  from  the 
difference  in  concentration  of  tetryl  present,  tiie  dif¬ 
ference  in  microorganisms  present  or  tiieir  activity, 
or  some  other  factor  is  imcertain.  Additional  re¬ 
search  is  urgently  needed  to  determine  if  holding 
time  studies,  lite  the  one  discussed  above,  ad¬ 
equately  mimic  field-contaminated  soil.  If  not,  the 
results  may  be  meaningless. 
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